Enteric viruses are present in the environment as a result of the discharge of poorly or untreated wastewater. The spread of enteric viruses in the environment depend to human activities like stools of infected individuals ejected in the external environment can be transmitted by water sources and back to susceptible individuals for other cycles of illness. Among the enteric viruses Rotaviruses (RV) and Hepatitis A viruses (HAV) is the most detected in wastewater causing gastroenteritis and acute hepatitis. Therefore, it is of interest to climate change, mainly temperature and carbon Dioxide (CO2) variations, on Rotavirus and Hepatitis A as a model of enteric viruses present in the aquatic environment using computational modelling tools. The results of genetic ratio showed a negative correlation between the epidemiological data and the mutation rate. However, the correlation was positive between the temperature, CO2 increase, and the rate of mutation. The positive correlation is explained by the adaptation of the viruses to the climatic changes, the RNA polymerase of the RV induces errors to adapt to the environmental conditions. The simultaneous increase in number of infections and temperature in 2010 has been demonstrated in previous studies deducing that viral pathogenicity increase with temperature increase.
Background:
Rotaviruses (RV) are the most Common cause of diarrhea worldwide in children, rotavirus infections are associated to 200.000 deaths in children under 5 years of age in 2013 [1-2]. While hepatitis A virus (HAV) which is known as self-limiting disease, with high public health impact report about 1.300 new cases in 2014
[3-4]. Rotavirus belongs to Reoviridae, it is a double stranded RNA, genus is divided into at least 7 genetic groups or geno groups (A-G). Genogroup A is the most involved in gastroenteritis pathogenicity for both Human and animals [5] [6] . Different host species, interspecies transmissions and intra genic recombination ©Biomedical Informatics (2019) 195 are among the mechanisms responsible of genomic evolution of RV. Also, the accumulation of point mutations constantly in each RVs replication cycle leads to genetic draft [7] [8] [9] [10] . And this is caused by the viral-encoded RNA-dependent RNA polymerase (RdRp) being error-prone [11].
Hepatitis A virus or HAV belong to Picornaviridae, spherical, about 30nm of diameter icosahedral capsid surrounding single stranded Monopartite, linear ssRNA(+) genome of 7.478 kb [12] [13] [14] . HAV has been initially classified in entero-virus genera in previously studies, although HAV has common characters with other genera of the picorna-virus family, it is significantly different and, present unique properties in relation to its genetic structure and replication procedure, that it is classified in hepato-virus genus as a sole species [15] . HAV can infect Human and other primates, only one serotype and six different genetic groups, three isolated from Humans (I, II and III) and three from simian origin (IV, V, VI) have been described [16] . HAV mutation rate is significantly lower as compared to other members of the family Picornaviridae, and has an unusually small maximum genetic divergence [13] . Liver is replication target and site of liberation of viral particles of HAV.
Rotaviruses (RV) and Hepatitis A virus are transmitted mainly by fecal oral route. The contamination of the water represents the major cause of the spread of the virus in the environment. The surface runoff water is contaminated directly by discharge of none or undertreated wastewater or Human and animals swage in rivers or sea. While the underground water is contaminated through the soil by adsorption-desorption phenomenon [17] [18] [19] . Evolution and resistance of Rotaviruses (RV) and Hepatitis A virus (HAV) to different inactivation treatments are not depending only on errorprone nature of RV and HAV; also variations of climatic conditions have a major influence on genomic variation of viruses as a form of adaptation. It has been shown that variation of environment temperature have no effect on the prevalence of Rotaviruses; the infections linked to Rotaviruses were the same for all seasons, In winter as well as in summer, and also no correlation has been noticed for the other climatic factors such as rainfall, humidity or wind spread [20] . It is of interest to study the ratio between ratio between variation of rate of CO2 and Temperature, as climatic factors influencing on resistance of viruses in environment, and mutation rate on Rotaviruses (RV)and Hepatitis A virus (HAV) in different world areas for the period between 2000 and 2017. . While mutation rate of Hepatitis A virus has been studied from database NCBI (National Center for Biotechnology Information) GenBank, 49 sequences of Hepatitis A virus collected was analyzed by MEGA software and mutation rate has been determined ( Table 3) . The results of mutation rate for both HAV and RV are shown in Table  4 .
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Results and Discussion:
Results of data analysis have showed negative correlation between number of infections and change of temperature variations and CO2 rate. The positive correlation have been shown between temperature variations and mutation rate for both viruses Hepatitis A and Rotavirus (Figures 1-2) , also a positive correlation is shown between CO2 and mutation rate in all studied geographical areas (Figures 3 -4) . For Rotavirus the curves of CO2 and mutation rate are stackable, the mutation rate increase with increase of CO2 (Figure 3) . Variation of temperature and evolution of mutation rate are proportional for both studied viruses. For temperature variation a pick is shown in 2010 in all geographical areas. This study built a comprehensive database of RV and HAV, occurred between 2000 and 2013 in 10 geographical areas for RV and in UK and USA for HAV. Information about global temperature variation and carbon dioxide given by NASA has been also used. Analysis of these data shows a correlation between temperature variations, CO2 and mutation ratio of both viruses' RV and HAV ( Figure 5 ). The analysis of the epidemiological profiles at the level of the developing and sub-Saharan countries and the climatic parameters (essentially CO2) shows an inverse relationship between the two parameters, whether at the level of the developed or sub-Saharan countries. Of the period between 2008 and 2012 a dive was observed in both populations but more intensive in the population of the developing countries and which cohere with a temperature increase of the earth's temperature. In order to better exploit this idea, we have to compare to the genomic level, whose mutation rate or the mutation ratio has almost the same speed and slope of the imitated amount of CO2 and then the deviation of CO2. According to our results, both viruses have the same slope, that mean that the mutation rate is the same for both RV and HAV viruses. Mutation production is not related to the characteristics of the virus itself, but it is a form of adaptation either to internalization or to resisting climate changes. Rotaviruses and HAVs are viruses that are present in the environment [release of Human waste into the external environment], the mutation rate increases for the entire genome of the virus including proteins adapting to environmental conditions [25] . It can be concluded that there is a strong correlation between climate change, including CO2 and temperature changes and mutation rate, which is mainly due to errors induced by RNA polymerase. The correlation between the three studied parameters (infection rate, temperature and ratio mutation) is well observed especially for the period between 2009 and 2011 with a peak in 2010, or a significant temperature values was recorded worldwide (developed and undeveloped countries), this massive increase in temperature (caused by CO2 increase) induced an increase in mutation ratio ( Figure 6 ) and consequently increased pathogenicity for both RV and HAV viruses. Infections (epidemiological data given in Figures 1 and 2 ) related to RV and HAV still show significant values despite medical and pharmaceutical efforts to develop vaccines to limit the occurrence of infections. Moreover, the climatic changes of temperature and CO2 are the major causes of appeared infections.
©Biomedical Informatics (2019) This is also confirmed by the relation established between the mutation rate and the deviation of CO2 at the level of the terrestrial envelope, with a linear regression of 93% whereas via a polynomial correlation can reach more than 97% as correlation with a logistic equation of the order of n = 4. The same results were observed for the HAV. All this allows us to conclude that there is a strong relationship between climate change and viral pathogenicity (Figure 6 ). In the same context, our results confirm previous studies that have demonstrated that the climate change likely affect the biology of the viruses' directly, because it is demonstrated that the higher temperature increase pathogen proliferation, we can explain that by the variation of mutations rate observed in our study that confirm that impact of climatic change on the pathogenicity is linked to the polymerase error [26] . However, the results have also shown a strong correlation between climate changes and increased viral pathogenicity and as a result, epidemics may emerge not only compared to Rotavirus and Hepatitis A virus but also to other RNA viruses. Therefore the effects of climate change must be taken particular account in development and monitoring programs. This study concerns two most interesting viruses for environmental virologists and explains the important numbers of pandemic and endemic events observed in Human and animal populations. 
Conclusions:
Rotavirus causes the majority of viral gastroenteritis worldwide, while the Hepatitis A virus is implicated in acute viral Hepatitis. Rotavirus and Hepatitis A virus replicate in the enterocyte and hepatocyte respectively, and both are excreted by the faecal material and are subsequently released into the environment through the untreated wastewater. Viruses in their living environment are under the influence of several climatic factors. Temperature variations and CO2 rate are among the factors acting t on the living beings in the environment. The interaction between the two climatic factors studied and the behaviour of the Rotavirus and Hepatitis A genes had a positive correlation, whereas the increase of CO2 terrestrial and / or temperature induces an increase in mutation ratio of the viral RNA, these mutations are a form of adaptation to climate changes, in particular the variations in temperature and CO2 that the world experienced in the last few years as a result of pollution and the greenhouse effect. Viral infections pose a challenge despite the efforts made for the development of vaccines. This is due in fact to the genetic and molecular properties of RV and to maintain their survival.
